Calcium regulates key components of vascular smooth muscle cell-derived matrix vesicles to enhance mineralization.
Matrix vesicles (MVs) are specialized structures that initiate mineral nucleation during physiological skeletogenesis. Similar vesicular structures are deposited at sites of pathological vascular calcification, and studies in vitro have shown that elevated levels of extracellular calcium (Ca) can induce mineralization of vascular smooth muscle cell (VSMC)-derived MVs. To determine the mechanisms that promote mineralization of VSMC-MVs in response to calcium stress. Transmission electron microscopy showed that both nonmineralized and mineralized MVs were abundantly deposited in the extracellular matrix at sites of calcification. Using cultured human VSMCs, we showed that MV mineralization is calcium dependent and can be inhibited by BAPTA-AM. MVs released by VSMCs in response to extracellular calcium lacked the key mineralization inhibitor matrix Gla protein and showed enhanced matrix metalloproteinase-2 activity. Proteomics revealed that VSMC-MVs share similarities with chondrocyte-derived MVs, including enrichment of the calcium-binding proteins annexins (Anx) A2, A5, and A6. Biotin cross-linking and flow cytometry demonstrated that in response to calcium, AnxA6 shuttled to the plasma membrane and was selectively enriched in MVs. AnxA6 was also abundant at sites of vascular calcification in vivo, and small interfering RNA depletion of AnxA6 reduced VSMC mineralization. Flow cytometry showed that in addition to AnxA6, calcium induced phosphatidylserine exposure on the MV surface, thus providing hydroxyapatite nucleation sites. In contrast to the coordinated signaling response observed in chondrocyte MVs, mineralization of VSMC-MVs is a pathological response to disturbed intracellular calcium homeostasis that leads to inhibitor depletion and the formation of AnxA6/phosphatidylserine nucleation complexes.